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Abstract 
This study explores an innovative mixed mode of mail drop and online survey, to examine if it can serve as a cost-effective data-
collection method to obtain statistics about Internet users. By using the multi-stage stratified sampling method, this study has 
reduced sampling problems to the minimum. The most important mechanism is that the sample was obtained at random. This 
eliminates self-selection problems. Based on the observation from certain basic findings from this online survey and another 
nation-wide face-to-face interview survey, the Internet users’ demographic profiles obtained from these two studies are quite 
similar.  
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1. Introduction 
 
The cost and difficulty of conducting a statistically rigorous survey are increasing (Nesbary, 1999). Practitioners, 
concerned about the cost of conducting social research, consider the online survey as one of the best alternatives 
available under such circumstances (Dillman, 1999).  
Almost every type of research has now been tried online, from basic demographic surveys to focus groups and 
new-product research (Edmondson, 1997). Most market researcher practitioners agree that online surveys can be as 
reliable as mail, telephone and face-to-face surveys (Edmondson, 1997; Nesbary, 1999).  
Online surveys have the following advantages: 
 
x Lower cost (Nesbary, 1999; Wimmer & Dominick, 2000), 
x Higher response rate (Mehta & Sivadas, 1995; Vickers, 1998; Speer, 1999),  
x Better quality of responses (Dacko, 1995; Krasilovsky, 1996; Edmondson, 1997),  
x More time-saving (Mehta & Sivadas, 1995), and 
x Lower interviewer bias (Edmondson, 1997). 
 
In particular, online survey is relatively cheaper than other survey modes as it is less dependent on manpower and 
uses less resource such as paper and telephones (Wimmer & Dominick, 2000). 
___________ 
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However, academics tend to be skeptical when it comes to employing online survey as a valid data collection 
method while an increasing number of market research practitioners are adopting it. 
2. Problems of Online Surveys 
 
The Internet poses a variety of technical challenges and validation issues that are not readily translatable to 
traditional research methodologies.  
 
2.1 Validity problems 
The disadvantages of using online survey are mainly a function of the low Internet penetration rate and limits of 
Internet access currently. These two factors would limit the possible samples to those who are computer-and 
Internet-literate.  
Behind these two factors lie the representation problems of actual demographics. Statistical validity relies on 
taking a sufficiently large, random sample within a known population in order to make results projectable to the 
entire population. Kornblut (1999) indicated that online polling are weighted by disproportionate responses from 
“activists, the well-educated, and the opinionated”, whereas traditional polling relies on reaching a representative 
sample of the voting public by telephone, using a random-digit dialling system that has proved to be accurate. Some 
have been skeptical because they are not sure Internet users are representative of the general populace. Online 
surveys may not be so effective to reach certain groups of people, such as the elderly and the poor. 
2.2 Sampling Problems 
Sampling errors and coverage errors are among the major problems of online surveys. Sampling errors occur 
when the sample is not random. With probability samples, the inferential theory can quantify the risk of 
generalization to the whole population. However, the theory fails when there are frame problems, high non-response 
rates, or whenever the inclusion probabilities are unknown in advance. This is particularly critical in all types of 
self-selected processes of respondents (Vehovar, 1999). 
Unlike conventional survey methods, a definable control group does not exist in the mechanism of online 
surveys. As there is no central registry of all Internet users, self-selected and non-probabilistic sampling has become 
the best solution for most online surveys (Georgia Tech Research Corporation, 1999).  
Non-probabilistic sampling does not ensure the elements are selected in a random manner. It is difficult then to 
guarantee that certain portions of the population were not excluded from the sample since elements do not have an 
equal chance of being selected. This would indicate a systematic bias in the sampling methodology.  
In addition, Internet surveys are more vulnerable to the self-selection process because most online surveys today are 
employing unrestricted sampling, where anyone on the Internet may access and complete the survey. In addition, the 
missing proportion is usually higher than other survey modes. Therefore, online surveys generally suffer from poor 
external validity1.  
3. Objectives 
 
This study aims to address the problems of validity and sampling mentioned above. It explores a mixed mode of 
mail drop and online survey, to examine if it can serve as a cost-effective data-collection method to obtain statistics 
about the Internet user. 
The researchers at the end compare the Internet penetration rate and basic demographic data acquired from this 
study with another study on Internet users in Singapore. 
4. Method 
 
The theory behind sampling is that: if a sample selected is as close as possible to being representative of a 
population, then any observations made regarding that sample should also hold true for the population. With 
 
1 External validity is how well the results of a study can be generalized “to and across populations of persons, 
settings and times (Campbell & Cook, 1979, p. 39).  
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probability sampling, the chance that the sample will truly represent the population is high. Hence, the researchers 
aim to be as wide and as random as possible in coverage.  
The unit of analysis is the individual in a household. First, data of the entire residential household types in 
Singapore were obtained from the Department of Statistics, Singapore in 2000. According to the Department of 
Statistics (2000), Housing Development Board (HDB) dwellings (1-, 2-, 3-, 4-, 5-room or larger) accounted for 
79.14 percent (763,036 units), private dwellings (bungalow, semi-detached and terrace houses, condos and 
apartments) accounted for 14.18 percent (136,719 units), while other housing types accounted for 6.68 percent 
(64,383 units).  
Quotas were then established accordingly to determine the number of the housing types that should be sampled.  
The households were divided into private housing and public housing units. There are some housing units that do 
not fall into the above categories but these are negligible in number (6.68 percent) and scattered around the island. It 
would not be economical to include them in the sampling frame. Since the quotas were established based on public 
and private housing units only, the valid percentages of breakdown for public and private housing units were 84.8 
percent and 15.2 percent, respectively. 
Next, a street directory (Singapore Street Directory, 20th Edition, published by Ministry of Law, Singapore, 
January 2000) was used to determine the locations of the housing type.  
There are three types of public dwellings in the Street Directory, namely HDB New Towns, HDB Estates and 
HDB Precincts. Systematic sampling method was used for the selection. From the alphabetical list of the 20 HDB 
New Towns, four were randomly selected based on an interval of five (Bedok, Clementi, Queenstown and 
Tampines). From the alphabetical list of 62 HDB Estates, three were randomly chosen based on an interval of 17 
(Fengshan, Nanyang and Taman Jurong). From the alphabetical list of 199 HDB Precincts, five were randomly 
selected based on an interval of 40 (Bedok Reservoir Garden, Compassvale Place, Kaki Bukit Ville, Rivervale Court 
and Teck Whye Heights 2).  
All blocks in these selected public housing areas were tabulated based on the maps in the latest Street Directory. 
Stratified sampling method was employed for the selection of five blocks from each of these 12 public housing areas 
(new towns, estates and precincts). At the individual unit level, a list of all units in each selected block was 
tabulated. Homes were later selected based on an interval of 10 with the first home selected on the random last digit 
of the license plate of a passing vehicle. By doing so, the researchers could avoid over-representation of certain 
room types in the sampling process. For example, apartments with certain unit numbers at all levels in a block are of 
5-room type, where the rest are of 4- or 3-room type. A total of 2,120 mail drops (84.8 percent of the total 2,500) 
were sent to these randomly selected units. On average, 36 mail drops were sent to each block.  
A list of private housing (condos, apartments and private houses) was also available in the Street Directory. From 
the list of 1,972 private housing estates (in alphabetical order), 19 were randomly selected based on an interval of 
100. Admittedly, there are problems with this as the number of units in a condo varies. There is therefore some 
sampling error. However, as with houses, the numbers would be few. At the individual unit level, homes were 
selected based on an interval of 10 with the first home selected on the random last digit of the license plate of a 
passing vehicle. There were 380 mail drops sent to these estates. On average, 20 mail drops were sent to each 
private housing estate. Recipients were invited to do the survey based on the person with the birth date closest to the 
day they received the mail drop and who is also an Internet user. 
 
4.1 Mail Drops 
The mail drops at both the public and private households were to the door. The mail drop (Appendix I) sent to the 
selected respondents comprises the following:  
 
x Invitation to participate in the online survey. 
x Brief description of the research project.  
x The URL of the research website. 
x Time frame of the survey. 
x Information on incentives. The incentives were given to boost the response rate. 
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According to WebSurveyor (2000), to increase online participation rate, the invitation for business should be sent 
on Monday or Tuesday, whereas invitations to the home should be sent on Thursday or Friday. Although the 
WebSurveyor was talking about email invitation, the same concept should be applicable to mail drop invitation. The 
concept here is to achieve a higher response rate by giving home respondents more time (over the weekend) to 
answer the online questionnaire.  
4.2 Online Survey 
The researchers used the Web SurveyorHosting Service to conduct the online survey. There were a few other 
online survey hosting services, such as SurveyTrends (http://www.surveytrends.com), Halogen Software 
(http://www.halogensoftware.com), ResearchExec (http://www.researchexec.com), etc., but WebSurveyor 
(http://www.websurveyor.com) was selected for the following reasons: 
WebSurveyor requires no programming knowledge because the template has been provided. The researchers do 
not need to know how to write HTML or Javascript to survive the online survey design and publishing process.  The 
WebSurveyor Desktop software is free of charge. Also, the WebSurveyor gave the researchers a free account to 
conduct one survey with up to 100KB of disk storage for one month (The size of one set of data is about 1KB). As 
online survey is still in its infancy, a pretest is necessary. The trial version is perfect for pretest. 
This hosting service can handle up to five surveys concurrently. In addition, it allows data from two surveys to 
transmit to the same database. This feature is useful because the researchers conducted the online survey for this 
study in English and Chinese. There were two different websites for the English and Chinese versions. This hosting 
service supports skip patterns, which help the researchers perform basic branching of the questions. This feature can 
remove the respondents’ confusion when facing branching decisions and instructions to skip sections. 
The online questionnaire contains both close- and open-ended questions. It had been amended a few times after 
taking into consideration feedback from the pretest (please refer to Appendix II for the full text of the English 
questionnaire). The data collected online were converted into Excel format for statistical analysis.  
 
4.3 Temporal Dimension  
This study focuses on cases from a single society at a single period. The mail drops were sent to the selected 
households on November 2 and 3, 2000 (Thursday and Friday). The respondents were supposed to go to the survey 
website and fill out the questionnaire online. The time frame for the online survey was from November 2 to 29, 2000 
(four weeks). 
4.4 The Official Study on Internet Population  
The fourth IT Household Survey was conducted by the then National Computer Board2 (Singapore) in June 1999. 
The first was in 1990, with the second in 1993 and the third in 1996. It aims to assess the type and usage of IT in 
Singapore households (IDA, 2000). The IT Household Survey is part of the government’s research efforts in 
developing, promoting and regulating info-communications in Singapore.The major concepts of its methodology are 
as follows: 
  
a) Sample:  
The survey encompassed 2,000 housing units in Singapore and covered the following housing types:  1. HDB/JTC 
flats, 2. HUDC/private apartment/condominiums, 3. bungalows/semi-detached/terrace houses, and 4. shop houses. 
The sample was selected based on the Household Sampling Frame maintained by the Department of Statistics 
(DOS). Selection was done using a two-stage stratified sampling method. 
 
b) Data Collection: 
The survey was conducted via face-to-face interviews with the heads of households using a structured 
questionnaire. In the cases where the head of household was not available, the main computer users or the next 
decision-maker was interviewed (IDA, 2000). 
 
2 As of December 1999, a new statutory board, Infocomm Development Authority (IDA), has become the regulator 
of telecommunications in Singapore. The IDA is a merger of Telecommunication Authority of Singapore (TAS) and 
National Computer Board (NCB) (IDA, 2000). The IDA is under the Ministry of Communications and Information 
Technology (MCIT). 
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c) Data Assessment: 
NCB (1999) claimed that the sample and data were examined for their representativeness by comparing the 
sample distribution along a few key dimensions with the profiles in the master household frame. Hence, NCB 
believed that the sample should be deemed as representative and no statistical weightage was needed for the data 
analysis (IDA, 2000). 
4.5 Comparison of Methods 
Major aspects of the methods employed for this study are compared to that of the fourth IT Household Survey in 
Table 2:  
Table 2. Comparison of Methods 
 
Online Survey 
Fourth IT Household Survey  
Sampling method Multi-stage stratified sampling Two-stage stratified sampling 
Sampling frame Street Directory (Ministry of Law, 
Singapore): Public and private 
Households  
Household Sampling Frame (Department 
of Statistics, Singapore): Public and 
private households, and shop houses. 
Unit of analysis Selected individual in household Heads of households 
Data collection mode Mixed mode of mail drop and online 
survey 
Face-to-face interviews  
Questionnaire format Electronic, online Paper-based 
Statistical weight age No No 
 
The methods for these two studies look different at first sight, but both of them actually employed the same 
random sampling theory. Although these two studies selected their samples from different sources, both use the 
stratified sampling method. The researchers reckon that the classification of housing types by the Street Directory 
and Household Sampling Frame might be slightly different. For example, the Household Sampling Frame classifies 
public housing units by room types, whereas the Street Directory categorizes public housings in three types (new 
towns, estates and precincts). Because the first and second stages of sampling were random, it should theoretically 
cover all room types in the public housing case.   
The sample of the fourth IT Household Survey was based on the comprehensive Household Sampling Frame. 
Due to the budget constraint for this study, the researchers did not include other minor housing types, such as shop 
houses. But these are few in number. 
The fourth IT Household Survey pinpointed heads of the selected households as interviewees, whereas the unit of 
analysis for our study was actually another stage of sampling. The people whose birth dates were closest to the day 
they received the mail drop were invited to participate in the survey. Also, since the survey was conducted via the 
Internet, only those who have access to the Internet, either at home or other places, could participate in the survey. 
The fourth IT Household Survey used one of the traditional face-to-face interviews to collect data. This mode may 
encounter problems of interviewer bias. For our study, the self-administration survey mode was employed. This 
mode should be free from interviewer bias and the respondents can decide their own timing and pace throughout the 
survey.  
The samples drawn from the systematic, stratified sampling processes for these two studies should be considered 
representative. Therefore, no statistical weight age was formulated for both cases. 
5. Findings 
 
The results are tabulated in Table 3 below. In general, the results of the online survey bear a close resemblance to 
that done in the face-to-face interview. There were 342 responses obtained from this online survey. The response 
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rate was 13.7 percent based on the total mail drops sent. However, in light of the Internet penetration rates3 released 
by IDA around the period when this survey was conducted, 1,455 of the total 2,500 respondents should be Internet 
users in theory. If 1,455 were deemed as the valid sample size, the valid response rate should be 23.5 percent. 
However, as the unit of analysis for this study is “one individual in a household”, the Internet penetration rate in 
households (instead of the total population) might be a better benchmark for the response rate. If the nearest (1999) 
official household penetration rate was adopted (42 percent), 1,050 of the total 2,500 mail drops should reach 
households with Internet access in theory. The response rate of this survey, therefore, should be around 32.6 percent. 
The NCB’s face-to-face interview survey did not encounter the problem of response rate. 
Table 3 indicates that the respondents’ demographic profile of this online survey is almost similar to that of the 
Home Internet users in the fourth IT Household Survey, though it does not exactly mirror the general population’s 
demographic profile.  
Take “gender” for example. The ratio of male and female obtained from the online survey, 2000 (56.2 and 43.8 
percent respectively) is similar to that of the fourth IT Household Survey, 1999 (56.7 and 43.3 respectively).  
As for “Ethnic group”, the Internet users’ data of the IT Household Survey (1999) was not readily available on its 
report. However, the researchers notice that “Chinese” considerably outnumbers other ethnic groups as shown in 
both the online survey, 2000 (87 percent) and the IT Household Survey, 1999 (71.8 percent). 
 
             Table 3. Comparison of Demographic Profiles of Household Respondents 
Characteristics  Online Survey   
(Percent) 
Internet Users 
(n=342) 
Fourth IT Household 
Survey (Percent) 
All respondents 
(n=2000) 
Fourth IT Household 
Survey 
(Percent) 
Home Internet Users 
(n=842) 
Gender 
Male 
Female 
 
56.2 
43.8 
 
67.2 
32.8 
 
56.7 
43.3 
Ethnic Group 
Chinese 
Malays 
Indians 
Others  
 
87.0 
1.6 
4.8 
6.6 
 
71.8 
15.8 
  9.1 
  3.3 
 
      Not available 
Age Group 
 
Below 20 years 
20-29 years 
30-39 years 
40-49 years 
50 years and above 
 
23.1 
36.9 
16.9 
            12.3 
            10.8 
 
 2.7 
12.6 
32.2 
29.3 
23.2 
 
26.1 
28.9 
25.3 
14.4 
5.3 
Education Level 
Primary and below 
Secondary 
Post-secondary  
Polytechnic/Diploma 
University and above 
 
              9.9 
19.0 
            18.1 
            14.9 
            35.1 
 
28.3 
36.2 
7.7 
11.2 
16.6 
 
                       4.5 
        32.5 
        11.1 
        51.9  
     (Tertiary) 
 
3 The overall Internet penetration rate as of October 2000 was 58.2 percent (InfoComm Development Authority of 
Singapore, 2000). However, the Internet access in Singapore households was 42 percent in 1999 (IDA, 2000).  
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     Type of Housing  
      HDB 1-2 rooms 
      HDB 3 rooms 
      HDB 4 rooms 
         HDB 5 rooms 
         HDB executive 
         HUDC/Private  apts/Condo 
         Bungalows/Terrace houses 
     Others 
    
         Internet access  
         Public Housing Units 
         Private Housing Units 
 
             1.2 
9.1 
18.4 
22.8 
3.5 
15.5 
21.1 
5.6 
 
 
12.3 response rate 
19.0 response rate 
 
5.7 
30.4 
30.0 
11.9 
4.6 
10.5 
6.2 
          0.7 (Shophouses) 
 
       Not applicable   
       
 
 
Not available 
 
 
 
 36.5% of public 
 62.6% of private 
       Monthly Gross Income 
     Below S$1000 
     S$1000-$1999 
     S$2000-$2999 
     S$3000-$4999 
     S$5000 and above 
 
          43.9 
          11.7 
          17.5 
          16.0 
          11.0  
 
7.2 
22.3 
19.9 
29.2 
21.4 
 
      Not available  
Employment Status 
     Working Adults 
     Students 
     Housewives/Retirees  
     Unemployed  
 
54.7 
33.3 
7.0 
0.9 
 
      Not available  
 
60.3 
32.3 
6.4 
1.4 
Source: Information Technology (IT) Household Survey (1999). IDA. Available: http:www.ida.gov.sg. [Access 12 
December 2000]. 
 
“Age group” is another variable that displays the similar profile pattern. Based on Charts 2-1 and 2-2, the similarity 
of the profile pattern is noticeable.   
          
     30-39 years
16.9%
     20-29 years
36.9%
     Below 20 years
23.1%
     50 years and above
10.8%     40-49 years
12.3%
 
 
Chart 2-1. Age Group (Online Survey) 
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     30-39 
years
25.3%
     20-29 
years
28.9%
     Below 2
years
26.1%
     50 years 
and above
5.3%
     40-49 
years
14.4%
 
 
                                                    Chart 2-2. Age Group (Fourth IT Household Survey) 
 
“Education level” of the online survey has the similar distribution pattern as that of the home Internet users found 
in the IT Household Survey (please refer to Chart 3). 
0
10
20
30
40
50
60
Online Sur
vey, 2000
IT Househo
ld Survey, 
1999
Primary & below   
Secondary
Post-Secondary
Tertiary & Above
 
                  Chart 3. Education Level (Online Survey, 2000 vs. IT Household Survey) 
Types of housing and monthly gross income are two demographic characteristics which have no significant 
similarity to that of the general population in the IT Household Survey. However, the data of the Internet users in the 
IT Household Survey are not readily available for comparison. 
The researchers would like to highlight an interesting comparison in terms of the Internet access of public and 
private housing areas. According to the IT Household Survey in 1999 (IDA, 2000), Internet access was higher in 
private housing than public housing. 62.6 percent of the homes in private housing had Internet access compared to 
36.5 percent of homes in public housing. Our study showed that, out of 380 mail drops sent to private housing, 72 
responded. The response rate of private housing was about 19 percent. As for public housing, the response rate was 
12.3 percent (260 of 2120). If we take the IT Household Survey as a benchmark and assume that the projected 
Internet penetration rates in public and private housing units were around 63 and 37 percent respectively, we notice 
that both the private and public housing units have the same ratio (3) when it comes to calculating their projected 
penetration rates (19 [response rate] X 3 = 57 percent [projected penetration rate]; 12.3 [response rate] X 3 = 36.9 
percent) ([projected penetration rate]). 
Another demographic item that shares the similarity from both the surveys is “employment status”. Please refer to 
Chart 4. That shows the significant similarity in their chart patterns. 
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Chart 4. Employment Status (Online Survey, 2000 vs. IT Household Survey) 
 
6. Conclusions and Suggestions 
 
The online survey does not enjoy the reputation it deserves because most Internet surveys employed self-selected 
and non-probabilistic sampling methods. By using the multi-stage stratified sampling method, this study has reduced 
sampling problems to the minimum. The population of the subject was well defined and no particular portion of the 
population is excluded. The most important mechanism is that the sample was obtained at random. This eliminates 
the self-selection problems.  
Although the Internet users have reached critical mass, the researchers are not confident that the Internet users in 
Singapore can exactly mirror the general population in Singapore. However, based on the observation from certain 
basic findings from this online survey and the fourth IT Household Survey, the Internet users’ demographic profiles 
obtained from these two studies are quite similar. Therefore, the researchers believe that online survey can serve as 
an effective data-collection method to obtain statistics that are directly related to the Internet in Singapore’s context. 
Online survey may not suffer serious validity problems when its target respondents are Internet users. 
In conclusion, this mixed mode of mail drop and online survey does not suffer from poor external validity, and its 
data can be generalized to and across the population of Internet users in Singapore. 
In terms of cost, this survey was done at a cost of around S$5,000 or US$2,800. A full-blown nation-wide face-
to-face interview survey would run S$15,000 or three times higher. 
Further research effort should be made to improve the validity of online survey. Interested researchers should 
further study issues such as how to increase the response rate and how to reduce the problems of self-selection and 
repeated sample.     
9. References 
 
Cook, T. D., & Campbell, D. T. (1979). Quasi-Experimentation: Design & analysis issues for field settings. Boston, 
MA: Houghton Mifflin Co. 
Dacko, S. G. (1995, August 28). Data collecting should not be manual labor. Marketing News, 29(18), 31. 
Dillman, D. A.  (1999). Mail and Internet survey: The tailored design method (2nd ed). NY: John Wiley & Sons.  
Edmondson, B. (1997, June). The Wired Bunch: Online surveys and focus groups might solve the toughest problems 
in market research. But can Internet users really speak for everyone? American Demographics, 10. 
Georgia Tech Research Corporation. (1999). GVU’s WWW user surveys. [Online]. Available: 
http://www.gvu.gatech.edu/user_surveys/. [1999, December 20] 
InfoComm Development Authority, Singapore. (2000). IT Household Survey, 1999. [Online]. Available: 
http://www.ida.gov.sg. [2000, December 20]. 
Kornblut, A. E. (1999, December 12). Putting the public in policy Internet polling rekindles debates over voter role 
in politics. The Boston Globe (3rd ed.), A13.  
Krasilovsky, P. (1996, November/December). Survey in cyberspace. Marketing tools. [Online], 20 paragraphs. 
Available: http://www.marketingtools.cool/Publications/MT/96. [1998, September 6]. 
Brian Lee / Procedia Social and Behavioral Sciences 7(C) (2010) 494–503 503
Kuhnert, K., & McCauley, D. (1996). Applying alternative survey methods. In A. Kraut (Ed.), Organizational 
Surveys (pp. 233-254). San Francisco: Jossey-Bass. 
Mehta, R., & Sivadas, E. (1995). Comparing response rates and response content in mail versus electronic mail 
surveys. Journal of the Market Research Society, 37, 429-439. 
Nesbary, D. K. (1999). Survey research and the World Wide Web. MA: Allyn & Bacon.  
Speer, T. (1999, February 15). 1999 Electronic commerce survey. Electronic Commerce Report [Online]. Available: 
http://www.fortressdesign.com/commerce/report.html.[1999, November 25]. 
Vehovar, V. (1999, December). Measuring electronic commerce with sample surveys: The methodological 
problems. Paper presented at the conference on the measurement of Electronic Commerce, December 6-8, 1999, 
Singapore. 
Vickers, A. (1998, December 3). News. New Media Age, 5. 
WebSurveyor. (2000). Frequently Asked Questions. [Online]. Available: http://www.websurveyor.com.  [2000, 
September 2]. 
Wimmer, R. D., & Dominick, J. R. (2000). Mass media research: An introduction (6th ed.). Belmonot, CA: 
Wadsworth. 
 
 
 
